Abstract. Knox City Council is one of 12 sites in Victoria where the 'Healthy Together Communities' Initiative is being delivered. Focusing primarily on reducing rates of obesity, physical inactivity, smoking and alcohol misuse, this initiative aims to use a systems approach to support healthy behaviours. This has prompted further investigation by Knox City Council into how its built environment may be influencing the health of its residents. The purpose of this study was to examine the urban form of two suburbs within the municipality, Wantirna-Wantirna South and Rowville, to identify how it can influence the rates of physical activity and therefore also potentially the rates of overweight and obesity. This comparative case study investigation used an exploratory, observational approach to understand how differences in urban form (i.e. land use mix, transportation networks, access to green space) may influence PA. It found that Wantirna-Wantirna South did not differ remarkably from Rowville in terms of social and other demographic characteristics. However, there were numerous small but cumulative differences across suburbs which may be influencing the rate of incidental physical activity. These included size of dwellings, land-use zoning, density of playgrounds, and modes of transport (i.e. active or motorised). Differences in the built form existed between the two suburbs which may, in part, explain the increased risk of obesity in Rowville. Future strategic and urban planning decisions for the suburb of Rowville and City of Knox should consider the potential impact upon the health of the population.
Introduction
In 2011 
Source: Modelled from Victorian Population Health Survey 2008 and Department of Health, Mosaic © unpublished data. Information in Figure 1 is based on the modelled relative risk distribution (rather than actually sampling large numbers of residents directly).
overweight and obesity (see figure 1 ). In addition, there is a significant need to improve the dietary and weight outcomes of Knox as highlighted by the below statistics:
• Forty-nine percent of Knox adults are at an unhealthy weight (where BMI is greater than 25)
• There is a low fruit and vegetable intake in Knox (49 per cent of employed people and 43 per cent of young people don't consume enough fruit and vegetables)
• There are generally low levels of physical activity, with only 65 per cent of residents reaching sufficient levels (only 15 per cent of young people exercise every day).
This particular study sought to focus on one of these issues, investigating the physical activity environment and its association with overweight and obesity -although it must be acknowledged that obesity is caused by complex interaction of factors, with insufficient physical activity, overconsumption of energy, and genetics all playing roles (Waters et al. 2011; Wyatt et al. 2006) .
As with the rest of the Australian population, obesity is a significant cause of morbidity for the residents of Knox (ABS 2006) . Australia is one of the world's most obese nations with over half of adults and a quarter of children and adolescents being classed as overweight or obese (NPHT 2009 ). The condition has now overtaken smoking as the leading cause of premature death and illness in Australia (The Age 2010).
Figure 1 (above) shows the relative risk for obesity in Knox. What is striking about this map is the large concentration of green (relatively low risk) in the north west of the municipality around the suburbs of Wantirna and Wantirna South, and large areas of red (relatively high risk) in the southern parts of the municipality largely centred around Rowville. This disparity is the focus of the comparative case study investigation.
Across the Knox local government area (both Wantirna-Wantirna South and Rowville), residents' participation in structured physical activity is comparable to state averages, however levels of incidental physical activity is lower, perhaps indicating that environments are not conducive to this form of activity (Data modelled from Victorian Population Health Survey 2008 and Mosaic©, Department of Health).
Literature review
Knox City Council recognises the role that both social and environmental determinants play in the development of obesity. This is demonstrated in figure 2, which highlights how extremely complex and multifactorial the aetiology of obesity is.
Although there are a multitude of factors that influence body weight, there is a growing body of evidence supporting the link between physical inactivity and increased BMI, leading to overweight and obesity (Waters et al. 2011; Wyatt et al. 2006; Sparling et al. 2000) . Modern environments have tended to lead to less exercise, due mostly to reduced occupational activity, more car use, less walking, and more passive modes of entertainment (Moodie et al. 2006) . Importantly, what figure 2 does is group the major influences of obesity, highlighting that the 'physical activity environment' includes aspects of the built form, such as:
• perceived danger in the environment (safety and perceptions of safety)
• access to opportunities for physical exercise (outdoor and indoor), including opportunities for team based activity (formal and informal)
• dominance of motorised transport and opportunities for un-motorised transport (how people move and opportunities for incidental activity)
• walkability of living environment (quality or amenity of the environment). The built environment refers to aspects of our surroundings that are created or modified by people rather than occurring naturally (VicHealth 2010). It includes homes, neighbourhoods, schools, workplaces, parks, recreation areas and transport systems (including public transport, footpaths and roads). The built environment can either facilitate or discourage physical activity. According to VicHealth (2010, p. 5) consideration should be given to aspects of the built environment that have a significant impact on levels of physical activity, including: the neighbourhood and road environment; the amenity of the neighbourhood; and proximity to a variety of destinations.
It is acknowledged that 'environments that people build and inhabit provide potential opportunities and barriers to engaging in physically active lifestyles' (Duncan et al. 2005, p. 1). Increasing evidence from both the planning and public health disciplines highlight how planning for urban form can enhance incidental physical activity. Numerous studies now support the role of built form and design, urban material use, transportation linkages, and maintenance of recreational and green space in enhancing physical activity (Frank et al. 2006; Frumkin et al. 2004; Jabereen 2006) . There is now supportive evidence to suggest that pedestrian travel increases when route directness and pedestrian facilities are improved (Cao, Handy & Mokhtarian 2006) . Ensuring that pathways are linked, have safe street crossings with adequate lighting, and are of good placement and construction can substantially increase the number of individuals walking and reduce vehicle use in a community (Capon & Blakely 2007; Greenwald & Boarnet 2001) .
Proximity is also important, as adults are more likely to walk if they have a variety of destinations within 400 metres. Research has also found that the closer sports centres and parks are to young people, the more likely they are to use them (Sunarja, Wood & GilesCorti 2008; Garrard 2009; Kelty, Giles-Corti & Zubrick 2008) . Furthermore, reviews of the transportation research and urban planning literature indicate that ease of pedestrian access to nearby destinations is related to active transportation choices, particularly walking (Owen et al. 2007, p. 379) .
The physical attributes of residential neighbourhoods, particularly the connectedness of streets and the proximity of destinations, can influence walking behaviours (Owen et al. 2007, p. 378) . Numerous studies show that people who live in more walkable communities (i.e. communities offering relatively greater proximity to numerous destinations, as well as high levels of connectivity between those destinations) are more physically active and less overweight than people in less walkable communities (Norman et al. 2006, p. 118) .
Street design has also been recognised as a factor in improving walking and cycling levels within urban areas (Frank et al. 2006) . For example, residents of Perth who had trees or no major traffic on their street were 50 per cent more likely to achieve healthy levels of walking than those living on streets with no trees or major traffic (Giles-Corti & Donovan 2003) . Similarly, those with access to 'attractive' parks (measured by tree shade, walking paths, water and bird life) were 50 per cent more likely to achieve high levels of walking than those with access to 'unattractive' parks (Giles-Corti et al. 2005) .
A recent review of the health benefits of green space reported an association between perceived safety and physical activity levels (Lee & Maheswaran 2010, p. 218) . For example, the state of disrepair of green space negatively affects its use by making it feel less safe. Most of the studies in this review supported the positive effect that green space has on health, though ultimately the complexity of the relationship meant that establishing causation between green space and health was difficult to achieve (Lee & Maheswaran 2010) .
The role of public green spaces in facilitating higher levels of human health is becoming more well-known (Lee & Maheswaren 2010) , and some studies argue that incorporating planning principles that recognise and prioritise the natural environment is crucial to ensuring positive health outcomes for residents (Maller et al. 2008 ). In particular, environmental factors such as the quality and accessibility of green space affects its use for physical activity. Residents choose to use green spaces not only for their features, but also the condition of those facilities and attributes (Lee & Maheswaran 2010) . Therefore it is important to look beyond the total supply of green space.
Urban environments -in terms of the location of community spaces, shops and service destinations -can also encourage physical activity to promote health outcomes (Capon & Blakely 2007) . Planning that situates such facilities along mass transit routes has been demonstrated to improve physical activity levels (Frank et al. 2006 ) as well as ensure economic viability for businesses (Capon & Blakely 2007) . Systematic reviews have concluded that built-environment attributes (especially land-use patterns) are consistently related to physical activity in general, and to active transportation in particular (Owen et al. 2007, p. 378) .
Housing density and mix also has the capacity to impact on travel and walking behaviour and can therefore influence health (Owen et al. 2007; Frank et al. 2006 ). Density, used in combination with land use mix, is increasingly acknowledged as an important way to promote incidental physical activity and to support public transportation usage (Kent et al. 2011) . Furthermore, there is growing evidence for mixed density residential designs supporting reductions in vehicle use, enhancing a greater sense of community, and supporting overall health equity (Jabareen 2006 When 'health' is integrated into planning the choice for people to be active becomes more convenient, easy, safe and enjoyable. Providing convenient, easy-to-access built environments that encourage people to be 'out and about' on a daily basis will contribute to a more active While many planners recognise that urban planning influences health, they do not normally perceive that it is their role to focus on or study the relationship. At the same time, public health professionals are beginning to take a real interest in spatial planning.
Advocacy and specific population programmes are not enough to change behaviour (i.e.
to persuade people to exercise more) when the form of towns and cities are working against them (Barton 2010, p. 96) . One of the more challenging aspects of this work for planners and public health specialists is the need to cross professional boundaries and norms (Higgins 2010, p. 108) .
Research aims
The aim of this research was to establish the differences in physical activity environments between two suburbs in the Knox City municipality (Wantirna-Wantirna South and Rowville), and to consider how these may be contributing to the observed variance in the risk of obesity between the two areas. The review of the literature summarised above also informed which characteristics of the built environment would be analysed in this study. These potential modulating factors for physical activity include:
• safety and perceptions of safety 
Methods
This study sought to explore the demographic differences between Rowville and Wantirna-Wantirna South and to assess the impact of the built environment upon physical activity. The findings will be used to identify possible interventions in the built environment to reduce the relative risk of obesity and enable better population health in Rowville through the development of the Rowville Plan. A comparative case study was possible between the 3152 (Wantirna and Wantirna South) and 3178 (Rowville) postcode due to the similar size and population of these two areas. A case study approach has been used as it allowed a comprehensive exploration of each defined case using various data accumulation methods.
Tab. 1. Area and population comparison between
Following on from the literature review, this study firstly explored demographic characteristics for each suburb before assessing the social determinants that may underlay the observed variance in the risk of obesity between the two areas. The study then sought to explore differences in a number of physical environmental factors which the literature suggests may influence physical activity, before assessing their role in affecting obesity levels within each of the suburbs. 
Case Studies

Findings
Demographics Differences in the general and social characteristics between the two suburbs were firstly explored. There were small differences in terms of the median age and age distribution as shown in figure 3 , with a 42 year median for Wantirna-Wantirna South compared to a median age of 36 years in Rowville. In addition, Rowville had a higher percentage of people under the age of 17 years whilst Wantirna had a higher proportion of people aged over 50 years. Rowville also had a higher percentage of its population born in Australia.
Despite having higher median incomes, Rowville has lower levels of outright home ownership and higher levels of mortgage stress than Wantirna-Wantirna South. This was not surprising due to a higher number of comparatively young families living in the area.
Rent stress was comparable for the two localities. Interestingly, the age of the majority of the residential building stock is fairly similar.
Both suburbs were developed through the 1980s into the 1990s -although some parts of Wantirna South were developed a little earlier during the 1970s (see figure 6 ).
Comparison of typical suburban streets
While the majority of land across both areas was developed through the 1970s and 1980s, a number of differences can be drawn from an observation of two typical streets.
Within Wantirna and Wantirna South there are a large number of 'pocket parks' which, although quite small (many no larger than an average house lot), connect many courts and cul-de-sacs with other streets, providing direct pedestrian access (see figure 7) . This is also reflected in the relatively high amount of (Council owned) passive open space in Wantirna and Wantirna South (119.4 ha) when compared to Rowville (78.4 ha) (see also Within Rowville, particularly in those areas developed through the 1990s, many of the houses are large relative to the size of the block. While the subdivision trend of courts and cul-de-sacs continued, there are significantly fewer pocket parks providing pedestrian and cycle access to adjoining streets. Many properties also have relatively small backyards (see figure 8 ). 
Safety and perceptions of safety
Residents' perceptions of safety were also compared. The overall results of the perceptions of safety survey (conducted by Knox City Council online in 2012) did not reveal significant differences between the two areas. While the data suggest that Rowville residents are likely to feel safer than residents in Wantirna and Wantirna South, the presence of the Knox O-Zone (a popular night spot incorporating a large number of licensed venues, restaurants, clubs and a cinema) in Wantirna South is likely to have skewed the results such that residents' perceptions overall were not accurately reflected. 
Source: Knox City Council perceptions of safety survey (unpublished).
In terms of what residents of these two areas would change in their neighbourhood to increase safety, 
Access to public transport and opportunities for non-motorised transport
Analysis of 'travel to work' data is important as travelling to work on public transport, on foot, or by cycling all provide opportunities for incidental physical activity.
Analysis of ABS travel to work data reveal that a higher proportion of people in Wantirna-Wantirna South catch the train to work than in Rowville, while more people in Rowville drive their car to work than in Wantirna South.
A lower proportion of Rowville residents walk to work than in Wantirna-Wantirna South. In fact, the proportion of Wantirna-Wantirna South residents that walk to work is marginally higher than the Knox average. Some of the reasons that may explain the travel to work data for these two suburbs are considered below. 
Tab. 4. Travel to work data.
Mode of travel to work
Open space, playgrounds and shared paths
The Principal Bicycle Network (PBN) is a network of proposed and existing cycle routes that help people cycle for transport, and provide access to major destinations in the metropolitan area. The PBN is comprised of local roads and off-road paths. Within Wantirna and Wantirna South there is a greater length of the principal bicycle network than in Rowville (27.3 km in Wantirna-Wantirna South and 18.2 km in Rowville). One important form of open space is playgrounds. Figure 11 shows the location of all playgrounds in Knox within a 400m buffer. As highlighted by the red and green ellipses there is a considerably greater coverage of playgrounds in Wantirna-Wantirna South (highlighted in green) when compared to Rowville (shown in red). Outdoor basketball courts 1 2
Open space
Access to leisure
Discussion
The preceding analysis reveals key discrepancies between the suburbs of Rowville and Wantirna-Wantirna South, which are otherwise largely comparable areas.
There was a marked pattern of Wantirna and Wantirna South having many of the physical environment attributes that are likely to contribute to the observed reduced risk of obesity and improved health. These included:
• more open space (specifically more active open space) and more playgrounds, with a greater coverage
• a greater coverage of residential land within 400m of a bus stop
• a greater length of the PPTN and the Principal Bicycle Network.
Conversely, within Rowville:
• more residents travelled to work using private motorised transport
• there was a higher proportion of households with three or more cars.
These findings are consistent with evidence which demonstrates that residents who live in environments which have a high reliance on motorised transport, have reduced access to active transport options, and have less access to open space are more likely to have a higher risk of obesity (Frank et al. 2006; Frumkin et al. 2004) . Furthermore, these findings support the espoused broader link between urban form, physical activity and obesity (McCormack & Shiell 2011) .
Whilst most of the findings were consistent with the existing research, there were fewer differences between the referent suburbs for perceived levels of safety, which has previously been demonstrated to impact on physical activity levels. It is important to note, however, that the data on reported perceptions on safety may be skewed due to the inclusion of a concentration of restaurants and bars within Wantirna. This is important for further research in Knox to get a better understanding of perceptions of safety within the community and other barriers to incidental and structured physical activity related to safety and perceptions of safety.
Unfortunately, there were extremely limited data available to support the analysis of access to leisure and recreation faculties beyond those owned by Council. Therefore it was not possible to draw meaningful conclusions around different levels of access between the two areas.
What we have learnt from the process
Integrated planning is critical to the implementation of any possible policy interventions, not only in Rowville, but across the whole municipality. One of the most important findings from this paper was the need to ensure that the impact upon health is considered in all strategic and urban planning work.
Rowville Plan
This paper suggests that there are a number of differences in the physical activity environment between Wantirna-Wantirna South and Rowville. The important questions to ask in developing the Rowville Plan revolve around what policy interventions could reduce overweight and obesity. Drawing on the literature and an understanding of these differences -many of which highlighted that Rowville's physical activity environment could be improved to reduce the risk of obesity -this paper will form an important input to the development of the Rowville Plan. This section identifies possible interventions in the built environment to reduce the relative risk of obesity and enable better population health in Rowville.
The development of the Rowville Plan is supported by the Rowville Community Reference Group. This group comprises residents, business owners and representatives from various local groups and clubs. One of the outcomes sought through the development of the Rowville Plan is local ownership of the plan, particularly given that the project is a review of a current structural plan that was the subject of much community angst around the land use and development outcomes sought. Because the Rowville Plan represents an opportunity to develop a much more holistic plan for the next 20 years it will be important to embed discussions about healthy environments into discussions with reference group members and the broader community. This could have two benefits: firstly, it can ensure that population health is captured as an important planning issue; and secondly, it can increase understanding of the rationale behind aspects of the final plan that may seek to improve population health.
One obvious aspect of the Rowville environment that could be improved is access to public transport and non-motorised forms of transport. This will require a combination of approaches, and in some cases require further investigation.
In terms of improving access to public transport (largely a state government responsibility), this will require continued advocacy from both Council and the Eastern In addition, although not specifically analysed in this paper, the literature suggests that improvements to pedestrian amenity could play a role in making walking more attractive. Therefore, in terms of recommendations for further research, it would be useful to better understand the motivations and barriers to walking and cycling in Rowville, specifically those barriers relating to safety and perceptions of safety, and the amenity of the general environment.
Study's strengths and limitations
This paper has engaged in research of an interdisciplinary nature, 'crossing professional boundaries' that Higgins (2010, p. 108) refers to. The process of writing this paper has provided a number of opportunities for conversations across Council about the differences in the physical environment between Wantirna-Wantirna South and
Rowville, and how this may be influencing levels of physical activity. This research will form an input to the development of the Rowville Plan.
For this paper, analysis of factors influencing obesity was limited to the physical activity environment. Whilst differences in physical activity environments are not the only differences between these suburbs, they are part of a complex interrelated web of determinants that, when addressed in a complementary and holistic way through policy and planning, can make a substantial positive impact on the health and wellbeing of residents.
Some of the specific limitations of this research included a lack of comparative data around safety and perceptions of safety, and access to leisure and recreation. The authors note that more detailed information on the location and access to leisure services across Knox will be available through the development of a new Leisure and Recreation Plan (scheduled for 2013). Additionally, there were a number of elements identified in the literature that were not considered in this paper, such as the quality of open space, route directness, connection of pathways, and number of trees.
One of the main challenges of this paper was a limited ability within Council to complete detailed and more meaningful spatial analysis. For this reason, much of the analysis is observational; therefore a causal relationship between the built environment and risk of obesity cannot be categorically demonstrated.
Conclusion
Using a comparative case study investigation to understand how differences in urban form may influence physical activity, this paper revealed numerous small, but cumulative differences between Wantirna-Wantirna South and Rowville. While these two suburbs do not differ remarkably in terms of social and other demographic characteristics, there were differences in terms of the mix of land uses, size of dwellings, provision of open space (and specifically playgrounds), and access to public transport and non-motorised forms of transport.
The findings showed that Wantirna and Wantirna South have many of the physical environmental attributes that contribute to a reduced risk of obesity and a healthier suburb, such as:
• more open space (and specifically more playgrounds)
• better access to public transport, including the Principal Bicycle Network.
While conversely, Rowville (with a relatively higher risk of obesity) has:
• more residents travelling to work using private motorised transport
• a higher proportion of households with three or more cars.
These findings are broadly consistent with the literature reviewed herein and support the espoused broader link between urban form, physical activity and obesity.
The differences in the built form between the two suburbs may, in part, explain the increased risk of obesity in Rowville. Future strategic and urban planning decisions for the suburb of Rowville (and the entire municipality) should consider the potential impact upon the health of the population. Within Rowville there is an opportunity to consider this in 2013 through the development of the Rowville Plan. One obvious aspect of the Rowville environment that could be improved is access to public transport and nonmotorised forms transport. This will require a combination of approaches, and in some cases require further investigation. Development of the new Rowville plan will provide an opportunity for additional active, passive and conservation open space in addition to increased provision of, and access to shared paths. Findings from this study have the potential to inform future policy and planning both within Rowville and, more broadly, to better population health.
